D epression and falls are both common in older people. Approximately 15% of community-living people aged more than 65 years report significant depressive symptomatology (1-5), with a higher rate (32% in one study) (5) reported for residents of aged care facilities. prevalence estimates of falls are also high, with approximately 35% of older people living in the community and 50% of people living in residential aged care falling each year (6-8).
D epression and falls are both common in older people. Approximately 15% of community-living people aged more than 65 years report significant depressive symptomatology (1) (2) (3) (4) (5) , with a higher rate (32% in one study) (5) reported for residents of aged care facilities. prevalence estimates of falls are also high, with approximately 35% of older people living in the community and 50% of people living in residential aged care falling each year (6) (7) (8) .
Depression and falls have both been linked with adverse outcomes, including increased risk of mortality; disability; and impaired functioning, including loss of confidence and restriction of activity (9) (10) (11) (12) (13) . Depression has been shown to be a consistent risk factor for falls in prospective studies, but the underlying mechanisms for this are not yet fully understood (8, 14) . A number of factors that are correlated with depression have also been shown to be related to an increased risk of falling, including cognitive function; reaction time; balance; strength; and use of psychoactive medications, including antidepressants, antipsychotics, and benzodiazepines (15) (16) (17) . self-reported depressed mood has been shown to place people at an increased risk of physical decline in the absence of preexisting physical disability and is associated with impaired complex attention, working memory impairment, and executive dysfunction (18) (19) (20) (21) . it can be expected that a number of these factors may mediate the relationship between depression and falls.
in previous studies, we have found that a functional test of stepping performance-choice stepping reaction time (CsrT), is a good predictor of falls (22, 23) . The CsrT test requires participants to step from either leg onto targets that physiological and Cognitive Mediators for the Association Between self-reported Depressed Mood and impaired Choice stepping reaction Time in older people are illuminated randomly, and thus, body weight and balance transfers are similar to the step responses required to avoid many falls, particularly those that result from late visual detection of hazards and unexpected changes in the gait path. The current study aims to investigate why depressed people are more likely to fall by exploring, with path analysis, the relationship between self-reported depressed symptoms and CsrT (22) . As path analysis can distinguish between direct and indirect associations, it can confirm the extent to which the relationship between depression and CsrT is explained by physiological, cognitive, and healthrelated factors. As CsrT is a continuously scored measure, it has an advantage over using falls as the outcome measure in that there is greater scope for explaining variance in the path model. For parsimony, we used only functional measures in the model building. This approach indirectly accounts for level of education and the presence of medical conditions and associated medication use as the impact of these variables should be manifest in one or more of the physiological and cognitive measures included in the model (17) . it also overcomes the issue of accounting for relative severity of specific medical diagnoses (eg, stroke, arthritis, cognitive impairment), which vary greatly among participants. We hypothesized that higher levels of depressive symptoms will be related to slowed stepping on the CsrT task through three distinct but related paths: a cognitive path, a medication path, and a physiological path (Figure 1 ).
Methods

Participants
A total of 280 participants (44 men and 236 women) aged 62-95 years (M 79.0, SD 6.5) comprised the study sample. The participants were residents of retirement villages in sydney, Australia, and consisted of the control group of a randomized controlled trial of group exercise on falls risk factors (24) . participants were excluded from taking part if they had a standardized Mini-Mental state examination (MMse) score less than 20, had a medical condition that prevented them from taking part in the exercise program (as determined by nursing staff or a physician at pretest), or were attending exercise classes of equivalent intensity to the study intervention (25) .
Assessments
symptoms of depression were assessed using the 30-item Geriatric Depression scale (GDs), a well-validated measure of mood specifically designed for use with older people (26, 27) . The GDs includes 30 yes or no self-report questions, with scores of 11-20 indicating mild to moderate depression and scores greater than 20 indicating severe depression (26, 28) . participants also completed a part of the incidental and planned Activity Questionnaire, which provided detailed information on frequency and duration of average weekly exercise for a period of 3 months (24) . Total time spent exercising was derived from multiplying frequency score and duration score to create a total duration of hours per week score. Activities qualifying as planned exercise included walking, activity classes, bowls, golf, tennis, swimming, dancing, jogging, and bicycling. in addition, all medications that participants were using were recorded directly from their containers. Medications of most interest were the psychoactive medications (sedatives/hypnotics, antidepressants, antipsychotics, and antianxiety agents).
For the CsrT measurements, participants stood on a nonslip black platform (0.8 × 0.8 m) that contained four rectangular panels (32 × 13 cm), one in front of each foot and one to the side of each foot (22) . one panel per trial was illuminated in a random order. participants were instructed to step on to the illuminated panel as quickly as possible, using the left foot only for the two left panels (front and side) and the right foot only for the two right panels. each panel contained a pressure switch to determine the time of foot contact. After 4-8 practice trials, 20 trials were conducted with 5 trials per panel. CsrT was measured as the time period between panel illumination and the foot making contact with it. The average time of the 20 trials was used in the analysis. physiological performance was assessed using quantitative assessments of reaction time, lower limb strength, and postural sway (17) . "simple reaction time" was measured using a light as the stimulus and a finger press as the response. "Quadriceps strength" was measured for each leg as the maximal isometric extension force with a strain gage attached around the ankle while participants were seated with hip and knee angles of 90°. The best of three trials was recorded, and the average of these scores for both legs was calculated. "postural sway" was measured using a sway meter that recorded displacements of the body at the level of the waist. Testing was performed with participants standing on a foam rubber mat (40 × 40 cm and 7.5-cm thick) with eyes open for a period of 30 seconds. The validity and reliability of these tests have been established in previous studies (17) .
in addition to the physiological measures, complex attention was tested using the Trail Making Test (TMT) B, which requires participants to draw lines connecting a number of circles alternating between letters and numbers (eg, 1-A-2-B) (29) . TMT B was chosen as the primary neuropsychological test as it requires a number of cognitive domains, including visual perception, visual scanning, fine motor coordination, psychomotor speed, as well as divided attention and mental flexibility. When a participant made an error, it was pointed out immediately and the participant was allowed to correct it. These corrections were included in the total time (29) . Time taken to complete the test was measured, with less time indicating better performance.
Statistical Analyses
statistical analyses were performed using spss (version 16.0) in conjunction with Analysis of Moment structures Graphics (AMos 7.0). Multivariate normality and linearity were evaluated by examining the normality, linearity, and homoscedasticity of the individual variables and residuals. After logarithmic transformations of CsrT, sway, simple reaction time, quadriceps strength, TMT B, and a square root transformation of the GDs and exercise variables assumptions regarding multivariate normality were met, and all parametric statistics were performed with the transformed data. Bivariate correlations between variables were calculated using pearson's and point-serial correlation analyses, and differences in the means of the physiological, cognitive, and exercise variables between people with a GDs ≤ 10 and people with a GDs > 10 were assessed using independent samples t tests. path analysis in AMos was then performed to examine the relationship between GDs and CsrT and to evaluate our hypotheses on the mediating role of the medication, physiological, and cognitive parameters. path analysis is an optimal statistical technique for testing these hypotheses as it can evaluate a priori models, suggest causal sequences, identify mediators, and elucidate direct and indirect paths between the two end points.
We constructed a path model based on our hypothesis and on significant correlations. Goodness of fit of the models was examined by chi square, goodness-of-fit index (GFi), and root mean square error of approximation (rMseA) (30) . Chi square should not be significant as it investigates lack of fit, resulting from overidentifying restrictions placed on a model (30) . GFi should be high (>0.90) as it assesses the extent to which the model provides a better fit compared with no model at all (30) . rMseA should be small (<0.08) as it estimates lack of fit in a model compared with a perfect model (31) . Finally, standardized regression coefficients (rc), which are analogous to correlation coefficients, and explained variances were calculated. Table 1 shows the prevalence of major medical conditions, medication use, physical activity, and functional ability for the people with a GDs ≤ or > 10. participants with GDs scores > 10 had lower MMse scores, a higher prevalence of heart disease, were taking more antidepressant, psychoactive and total number of medications, took part in less exercise, and had greater difficulty undertaking activities of daily living. The mean CsrT in the total population was 1,191 (SD 221) milliseconds. Age was significantly correlated with GDs (r = .27, p < .001) and with CsrT (r = .34, p < .001). Gender did not influence GDs (t(1,278) = 0.02, p = .98) but did influence CsrT where men where significantly faster than women (t(1,278) = 2.48, p = .016). This gender difference disappeared after adjusting for quadriceps strength in an analysis of covariance procedure (F(1,277) = 0.258, p = .61). Thirty-seven people (13.2% of sample) used a walking aid during the CsrT so that they could safely undertake the test. Aid users (1,333 ± 145 milliseconds) were significantly slower than nonaid users (1,169 ± 223 milliseconds; t(1,278) = 6.46, p < .001). Table 2 shows the mean values and standard deviations for the CsrT and the physiological, cognitive, and exercise measures for the people with a GDs ≤ or > 10. people with a GDs > 10 had significantly increased CsrT and poorer performance on all tests except quadriceps strength compared with people with lower scores. CsrT was also significantly lower for people who were taking one or more psychoactive medications (t(1,278) = 2.25, p = .025).
Results
When coded as a continuous measure, GDs was significantly associated with all physiological and cognitive measures and with CsrT ( Table 3 ). All assessment measures were also significantly associated with CsrT. Although use of psychoactive medications was significantly associated with GDs and CsrT, the latter coefficient was relatively low (r 2 < .20).
The initial path analysis model included all associations between GDs, CsrT, physiological, and cognitive variables with significance levels ≤ 0.001 (Table 3) . As the use of psychoactive medication did not show any strong associations with measures other than GDs, this variable was not included in the model. This model showed that the direct (unexplained) effect of GDs on CsrT was very low (rc = .04) and no longer statistically significant, whereas the rc of the standardized indirect effect was .22. Furthermore, exercise appeared not to be an important mediator as the rc of the indirect effect of GDs on quadriceps strength over exercise was only .04, whereas the rc of the direct (unexplained) relation was −0.26.
All associations that were not statistically significant in our initial model were removed (Figure 2 ). Despite the significant chi square (c 2 = 15.9, p = .014), with a reasonable number of degrees of freedom (6), the goodness-of-fit indicators revealed that this final model had a good fit (GFi = 0.982 and rMseA = 0.077). This model confirmed that the relation between GDs and CsrT was not direct but fully mediated by simple reaction time, balance, and quadriceps strength and followed both a cognitive path (complex attention) and a physiological path (quadriceps strength). Quadriceps strength Notes: High scores in the tests of CsrT, simple reaction time, sway and TMT B, and a low score in the test of quadriceps strength indicate impaired performances. CsrT = choice stepping reaction time; GDs = Geriatric Depression scale; TMT B = Trail Making Test. Table 3 . Correlations Between GDs, the Test Measures, and CsrT was not only directly related to CsrT (rc = −.35) but also indirectly via simple reaction time and balance (rc = −.10). The mediators-simple reaction time and balance-were not directly related to GDs but indirectly via complex attention (indirect regression weights of rc = .17 and 0.13 for simple reaction time and balance, respectively). Finally, the results showed that 37% of the variance of CsrT was explained by the variables in this model.
Discussion
The path analysis of this study supports our hypothesis that the association between depressive symptoms and CsrT is not direct but mediated by two distinct paths: cognitive and physiological. First, participants with a higher level of self-reported depressed mood were more likely to score poorly on complex attention, an aspect of executive functioning (TMT B), which showed its effect on CsrT indirectly through slower simple reaction time and poorer balance. These findings are in keeping with previous research that has shown that depressive symptoms in older people are related to poorer information processing capacity and slowed reaction time, and people with mild cognitive impairment are more likely to have impaired postural stability and balance (18, 20, 21, 32) . second, higher levels of depressive symptoms were related to slower CsrT through a physiological path. This relationship was mediated by quadriceps strength, which was both directly related to slower CsrT and indirectly through simple reaction time and balance. Quadriceps strength can be conceptualized as a measure of general vitality, and various measures of strength have been used in quantitative batteries of frailty (33, 34) . it was hypothesized that people with self-reported depressed mood were more physically frail and were also therefore more likely to have poor balance. This is supported by the higher prevalence of medication use and limitations of daily living activities also found in this study population. physical frailty and reduced strength in general would also lead to slowed simple reaction time and balance (22) , and previous research has shown that depression is associated with poorer physical performance (35) .
Although the use of prescription psychoactive medications was related to self-reported depressed mood and CsrT, it could not be included in the model due to the low correlation coefficients (this was also the case when the subclass of antidepressants was included in the model alone). There was a positive relationship between self-reported depressed mood and prescription of psychoactive medications, which suggests that even with pharmacological intervention for depressed mood, people still reported symptoms of depression. in any case, the lack of strong path coefficients suggests that the psychoactive medications did not lead to significant impairments in strength, balance, or CsrT. in line with our conceptual model relating to functional performance outlined in the introduction, we did not include factors such as total number of medications or specific medical conditions as the effects of such factors would be manifest in the cognitive and physiological measures. However, additional analyses (data not shown) showed that inclusion of these variables in more complex models did not explain significantly more variance in CsrT.
We anticipated that exercise would be an important mediator on the physiological path linking depressed mood and CsrT. This was not supported, even though exercise was significantly correlated to self-reported depressed mood, quadriceps strength, and CsrT. one explanation for this finding may be that our physical activity questionnaire only assessed exercise and was therefore an inaccurate reflection of their overall activity level.
A major strength of this article is the use of path analysis modeling in a large sample. This analysis uncovered important mediating factors between depression and impaired stepping performance. This would not be evident if regression techniques were used which treat independent variables similarly, without ordering their effects in "causal" sequences. The use of CsrT also has an advantage over using falls as the outcome measure as CsrT is continuously scored and therefore provides greater scope for explaining variance in the total model. our final model explained 37% of the variance in CsrT, whereas a previous path which aimed to explain the interrelationships among physical, cognitive, medical, or medication risk factors falls explained only 11% of the variance of retrospective falls (36) .
We acknowledge that in terms of being able to generalize to the broader constructs of depression and falls, there are some limitations to the current study. We chose to use selfreported depressive symptoms rather than a diagnosis of major depression. There is evidence to suggest that depression is underdiagnosed and undertreated in older people especially given the high rates of nonmajor depression (37) . outcome studies have shown that perceived health rather than actual medical conditions is a more important factor in terms of predicting depressive symptoms and poor functional and physical outcomes. it can therefore be argued that measuring participants' perception of their own mood is acceptable (2,5). We also acknowledge that a more comprehensive neuropsychological assessment may improve the model and that depression, falls and functional abilities are interrelated, and the cross-sectional design of the study prevents us from drawing firm conclusions about causal relationships between variables.
The findings suggest that an intervention for reducing falls in people with depressed mood may be implemented at one or several points on the model. Depression may be addressed directly through psychotherapy or careful medication management. exercise programs have also been shown to reduce levels of depressed mood (38, 39) , improve cognitive abilities (39) , and improve sleep quality (40) in older people and thus may reduce falls by these mechanisms in addition to improving strength and balance.
in conclusion, the results of this study show that selfreported depressed mood is related to slowed performance on a CsrT task and that this relationship is explained by underlying physiological and cognitive impairments.
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